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I. INTRODUCTION 
According to Agricultural Statistics (69), there are 
more than seven million dairy calves raised as herd replace­
ments and vealers each year. The imjportance of calf raising 
has been recognized by research workers and considerable 
work has been directed toward determining what dietary and 
managerial practices should be followed. In order to com­
pare various dietary and managerial regimes, some measure 
of adequacy is necessary. 
Breeders of dairy cattle consider rapid growth to be 
an index of constitution, vigor, and general desirability. 
Dairy cattle nutritionists consider growth rate to be an 
indication of ration adequacy. No really good definition 
of growth exists but growth can occur by cell multiplica­
tion, cell enlargement, or deposition of material between 
the cells. The first of the above is probably most impor­
tant in the young animal. Mont commonly, growth is thought 
of as simply an increaoe in size which may be measured by 
weight increase or by increase of some particular one or 
set of body measurements. 
Following this, it is reasonable to ask what factors 
affect growth rate. Practical dairy husbandmen have long 
recognized that the sexes and the breeds differ in both 
birth weight and growth response. Calves within a breed 
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and/or sex also differ in birth weight and growth rate. It 
could be postulated that birth weight and growth rate are 
related and that this relatlonohlp should be considered in 
the design of calf nutrition experiments. Due to the cli­
matic differences from one season to another, growth rate 
could be affected by seasonal variation. Inheritance of 
ability to t^row could be an important factor affecting 
growth rate. 
Next, one would like to ascertain how growth rate 
affects such characteristics as age at calving, mature 
size, and production. 
Research workers, in order to better plan and inter­
pret their work, would like to know: 
(1) Hov; to measure grovjth, 
(2) The magnitude of breed, sex, and season of birth 
effects and whether or not they should be con­
sidered in designing calf nutrition experiments, 
(3) The relationship of birth weight to grov;th rate, 
(4) The heritability of growth rate, and 
(5) How growth rate in early stages of life affects 
age at first calving, production, and mature size. 
This study was designed originally to try to answer as 
many of the above questions as possible. Data limitations 
ruled out studies of heritability of growth rate and rela­
tionship of growth rate to mature size. Only body weight 
3 
data were considered; therefore, growth in linear body 
measurements could not be compared with growth in body 
weitiht as measures of the adequacy of rations. 
This study was designed to evaluate the effects of 
breed, aex, season of birth, ration, and birth weight on 
growth in body weight, to obtain some indication of the 
value of relative growth rate as a measure of growth, and 
to obtain an estimate of the relationship of growth rate to 
age at calving and milk production. 
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II. REVIIflW OF LITERATURE 
An adequate deacription of growth has besn the queat 
of nisaiy research ^/orkera in the Past. The subject of growth 
Is discussed in detail by Brody (15); therefore, only the 
more pertinent ideas will be presented here. Robertson (59) 
described the growth process as being composed of several 
phases each being sigmoid (S shaped) in nature and the 
Junction between two phases being a critical point in the 
animal's life. Brody (11) described growth as being com­
posed of a aelf-accelerating phase and a self-inhibiting 
phase vjitifi' the two Joining in the most rapid period of 
growth which is at the point of inflection of the growth 
curve and near puberty in the physiological development of 
the animal. The self-accelerating phase was shown (12) to 
be composed of several discontinuous periods with the? rela­
tive rate of growth being constant in each period. Hate of 
growth in the self-inhibiting phase was defined (13) as 
being a constant proportional to the distance from the 
mature size of the animal• 
Description of growth is further complicated by the 
fact that there is both skeletal growth and fleshy growth. 
What affects one may not affect the other. Touchberry (53) 
divided body siae into a general factor, group factors 
affecting fleshy or skeletal siae independent of each other. 
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and. specific factors affectinji' each hody measurement inde­
pendent of the other measurements. Body weight, paunch 
girth and heart girth vjore the raennurementB oBsociated v/ith 
fleshineos while body length, wither heipjht, chest depth 
and heart .girth made up the skeletal group. Blackmore (9) 
confirmed the logic of these groupings and also found that 
the general factor tended to mask the group and specific 
factors at early ages. 
Brody (3.4) described growth in body weight as tridi­
mensional in nature and proceeding as a geometric progres­
sion while the linear body measures are confined to one 
and, at the most, tv;o dimensions and, consequently, result 
in a growth rate more nearly corresponding to an arithmetic 
progression. Growth curves of linear measures vjere plotted 
by Brody and Ragsdale (18) showing that early in life there 
is a rapid increase in all measures. The above was confirmed 
by G-uilbert and Oregory (33) who plotted growth curves of 
linear measures of beef cattle. The age at which mature 
size is reached for the various body measu-rements seems to 
vary considerably as shown by Brody (14), and Hansson and 
Bonnier (34). 
Variation in age of maturation among the various body 
iiieasureB results in a change of conformation during the 
maturation process. The above v/as demonstrated by Brody 
and Ragsdale (17). Brody (14) described skeletal growth 
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aa beln^ compoaed of a period of oonatant rate of increase 
and a period of decreasing rate of increase. In summation, 
the early grovjth of all body measures is rapid, and grov;th 
in one body measurement is correlated with growth in all 
other measureraento indicating that the general growth I'ac-
tor is exerting itself. Eckles (El) and Touchberry (63) 
demonstrated that environment influenced weight ^^'ain more 
than increase in wither height. This would seem to indicate 
that dietary insufficiency would result in a more prominent 
role of the group and specific growth factors. Thus, weight 
change emerges as the most easily detected measure of diet­
ary adequacy for growth. 
Ration has been demonstrated to affect body weight 
and/or linear measurements by Eckles (21), Eckles and 3wett 
(E5), Flipse and Almquiat (29), Held (58), Hansson et al. 
(35) and others too numerous to cite. The above workers 
carried their studies to about two years of age and found 
that animals underfed in early life; (1) were as large at 
maturity as, (2) grow slower but longer than, (3) reached 
sexual maturity later than, (4) lived longer than, and (5) 
produced as much or more milk in the first lactation than 
liberally fed animals. 
Sex of the calf and season of birth was shown to 
affect growth of beef calves by Rollins and Guilbert (60). 
Rathore (57) demonstrated breed and sex effects on growth. 
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Baker ^  (6)^ Nelson and Luah (50), and Blackrnore (9) 
demonstrated that aji Increased decree of Inbreeding caused 
fi decroane in body p.izo. Thin being true, iiTowtji rate 
probably v'ould decrease also as inbreeding Increased. Baird 
nl. (5) found a signifioantly higher concentration of 
t^rovjth hormone in the anterior pituitary of pigs from n 
lino Belected for rapid growth rate thnn in the anterior 
pituitary of pigs from a similar line selected for slow 
f^^rovith rate. Haael et (37) found grov/th rate to bo 
heritable in owine. Touchborry (63), Elackiuore (9) and 
Tylor £l. (67) demonstrated body size of dairy calitlo to 
bo 15 to 80 per cent heritable. FSlackmore and Tyler re­
ported a tendency for heritabili l:y of body size to increase 
viith age. Espe £t. (26) found early weights to be sub­
ject to greater variability than later vvcights as measv;rod 
by the coefficient of variation. From the above observa­
tions it would appear that grov^th rate ia geneticc.lly af­
fected but that growth response in the early period of life 
is highly Rubject to environmental fluctuations. 
The influence of birth weight on gain has been argued 
both pro and oon. In dairy cattle, Eckles and 3wett (25) 
found birth weight not to bo associated with grov;th rate 
while IJillard (71) found an association between birth weight 
and gain. Neither computed correlations. Birth weight and 
gain would be more subject to a common meternal effect in 
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boof cat",tie and nwins than in dairy cattle. Correlntlon of 
birth weiisht and would tend to foliovj the magnitude of 
maternal effectd on ^ain. ForohaK £t (30) observed a 
corrolatlon of .46 betvjeen birth v/eif^ht ,?nd weaning iveicht 
of Duroo pics* Dawson e_t al,. (20) found the following cor-
rolationc! in beef cattle; birth voight with dayn to v:ean-
inj;, (500 Pounds), -.SS; birth weight Kith dayn to r^laufrhter 
(900 pounds), -.62; and birth weight v;ith daye from weaning 
to Blaughter, -.04. Arizona workers (2) found a oorreola­
tion of .537 .031 between birth weight and daily gain to 
weaning. 
Rathore (57) observed that the pattern of differences 
in 3i?.e between breeds at birth was more nef?rly the pattern 
of breed differences in Rize at older ages than at younger 
agSG. The above would imply that differences in size at 
six montha or one year of age are more closely associated 
with birth weight than differences in size at one month or 
two months of age. Again, it appears that early growth rate 
is easily affected by environmental fluctuations. It alao 
seems that the association between birth weight and growth 
rate has not been clearly defined. 
Factorfj influencing birth weight heve been studied 
rather extensively. Eckles (£2, 23) and BMtch al. (28) 
retorted breed, sex of cslf and age of dam to affect birth 
weight while the sire, nutrition of the dam, and length of 
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mentation failed to affect birth ivel^ht. Tyler (66), 
studying!; thret? unrelated Holsteln herdis, found herdn^  aox 
of calf, and Galvin^-; fioquence to effect birtli •'^jeit'-^ht while 
season and year ol' birth had no effoot on birth vjcl^^ht. 
ilathore (56) found sex of calf, calvint^; eequence, length of 
i;;;Q3tatioi):, 1 enj^tli of preoedinj.^ dry period, rjire, and year 
of birth to affeot birth i-^eif^ht, wh51e ,^ea?^on of birth did 
not affect birth v;elght. It follows that, if birth weif^ht 
affects rate of {i'rov/th and if birth v/eight ia affected by 
all the above faotorn, all of the above f.actors influence 
^^rovith CRte of the calf. ThiB point a to c, vast complex, of 
factors affecjinf]: tlie grov/tli rate of a t^iven calf, some of 
which are environmental and some of which are hereditary. 
Fortunately, the literat\ire previously cited indicatcR that 
many of these ore of little conBequonce and can be ignored, 
"Normal" growth curves for body weight and certain of 
the body measurementB have been tabulated. Average values 
for v.'ei^'ht, wither height, che«t dspth and v/idth at hooks 
were tabulated for Holstej.n, Guernsey, Jer?.ey, end Ayrshire 
females by F.ape £t si. (26). Graphs of growth in eevom 
body measuremento were prepared by Ashton (3) for the Lom-
bardy, FJrown Swiss, Brittany, Dairy Shorthorn, AyreViire and 
Beef Siriorthorn breeds. I'.iFr.ouri workers have prf-eented aver­
age values for Ayrnhirefi, Guernseyn, HolBteins, Milking' 
OhorthornB, and Jerseys in nevoral reportr. (53, ?4., 65, 55, 
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16, 54). One of the above (5o) has bn-on acoepterl rathsr 
v.'iclcly as a growth stai'idard. Korrison (47) aurnmarized data 
rroiii Bev'jTikl e:ipeI'll,'!'illt f;V.atiiuna to GeveloiJ ^^^rowtb. curves 
ror Ayrshire, O-uernGey, Kolstfiiri, and Jersey heifors. Carnp-
boll and Flux (19) derived a standard grovrfch curvc; for 
Jar Bey a and liolcteino in Ncriv Zoalaiid. Thn above averae;© 
curves ivera aiiailar .for lihe brcjedn and sevios. R,'iij;t3dale 
and R(3(^an (05) (graphically represented tho Gireat variability 
or aniiGalG taiv&n rrow aovsral envirounionty and o.veragcd to 
obtain t^rovjth Dtandarda. Thero appear to bo nufficlent aver-
ab<^ curves in tho literature to serve as standards for com­
parison or the adequacy of environmental coiiditionn for 
growth. However, the groat variability islioun by Ragadale 
and Ro^ an (55) pluy the fact that they obnorved diffesr-vric^ jfj 
awon^^ hurda ivould tend to indicate that a standard curve 
should be used with some discretion and that thu Boloction 
of the api.-'ropriate curve deservea careful oonGidi^ration. 
Plum ^  (52) correlated increatse in size betvicon 
10 and 12 months of age with milk production and found both 
wither height and heart jj;irth |j;ain to be positively corre­
lated v.'ith milif production. There was no genetic relation­
ship betv/een heart girth (^ain and i/iillt production, but 
wither heifiht j^ain and raillt production had a gene-tic corre­
lation of .69. 3trsu3 (62) found an intra-siro correlation 
of .1? betv.'eer; birth wei£;ht and milk pi-*oduction vihlle 
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Blackmore (9) found an intra-sire correlation of .06v3 based 
on uirth weights corrected for ai^e of dam. 
Bailey ai.u Brootur (4:), Gjelytad (3:"), 'loachberry (65), 
and J3lL\cicfflare (9) £.11 found a low de^iree of genetic rela-
tioiichip betwejen body "»,'ei(^ht and milii. production. Bailey 
Slid Broiiter (4) and Gjelc-tc.d (3£) found phenotypie corr-jla-
tionc of .24 and .01, reGpectively, betw^sen bodj/ weight 
f.nd r.iillL production. Turner (64) considered milk production 
rnd body wei^iht to be related and dovii-.ed a, factor for cor­
recting production records for veriip-tion in body size. 
It seemB that neither groi\;th in body weight nor iiiature 
bodi* v;eight is clocjely associated ivith milk production. 
Thoi'C its no strong evidence that birth v.'eight is cloocly 
associated with u.ilii production. C-rov.'th and mature El2ie 
in certain body nieaeiuremeatE such qb vithei:" heitiht have 
been ehoivn to be correlated with milk production by Flurn 
£ t al. {bi'.) and i3lacJkuiore (9). 
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III. SOURCE AND CLASSIFICATION OF DATA 
Data uoed In this study were obtained from nutrition 
experiments involving dairy calves at Iowa State College 
from 1945 to 1954. The type of experiments included vary 
widely but the general management practices remained rela­
tively constant. Calves were allowed to remain with their 
daraa for .'5 days following birth, after which they were re­
moved to another barn and placed in individual pens. Milk 
or milk replacement was fed from niPi-le palla. Hay, when 
fed, was placed in a hay rack and periodically replaced 
with fresh hay. Concentrate mixture, when fed, was placed 
in a grain box and allowed to remain until eaten or until 
it became contaminated, at which time it was replaced with 
fresh concentrate mixture. The general rate of feeding 
concentrate mixture was ^  lib to a maximum of 2 pounds 
twice dally. Specific rates of milk feeding and deviations 
from the above general management plan can be found by 
referring to the proper references listed in Table 1. 
Each calf was weighed at 4 days of oge and weekly 
thereafter to the termination of the Particular experiment 
to which that calf was assigned. All calves were on experi­
ment for at least 8 weeks with some being on experiment 12 
weeks and some longer than 12 weeks. For this study, weights 
were recorded at the following ages; 4, 11, 18, 25, 32, 
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Table 1. Experiments included in study of growth 
Experiment 
code no. Experiment title F{eference 
1 Milk replacements Young (75) 
2 Absorption of vitamin A Blake (10) 
3 Aureomycin feeding Murley (49) 
4 Reconstituted milk products Wing (72) 
5 Filled milks Jacobson (39) 
6 Filled milks Murley (48) 
7 Toxic soybean oil meal Jacobson (41) 
8 Milk replacement Jacobson (43) 
9 Absorption of vitamin A Yang (73) 
11 B'illed milks Barker (7) 
12 Calf starters Jacobson (40) 
13 Dietary fat Bate (8) 
14 Comparative antibiotic Voelker (70) 
15 Second generation aureomycin Jacobson (42) 
16 Comparative antibiotic Owen (51) 
17 Milk replacement Jacobson (43) 
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39, 46, 53, 60, 67, 74, 81, 88, 116, and 144 days. These 
data were supplemented by 6 and 12 month weights when avail­
able. 
A total of 659 calves were Included in this study. 
Each animal was classified according to breed (five major 
dairy breeds), sex, season of birth (Winter, December to 
February; Spring, March to May; Summer, June to August; and 
Fall, September to November), and ration. Ration classifi­
cation presented a problem inasmuch as there were 16 sepa­
rate e:{periment0, each having two or more individual rations. 
In order to have a reasonable number of animals in most 
ration classes and still remove moat of the variation attri­
butable to rations, the classification system shoivn in 
Table 2 vma devised. This classification was based on the 
ration fed to 8 weeks of age. 
This classification would have been reasonably suffi­
cient for the Holstein breed, though some of the classes 
were rather small. For the other breeds, where numbers 
were smaller, this classification would have had entirely 
too many cells represented by only one or two animals; 
therefore, the detailed classification in Table 2 was re­
jected in favor of a broader classification. 
Several workers (43, 49, 75) found little difference 
between milk replacements and whole milk. Owen (51) and 
Voelker (70) failed to demonstrate a growth response to 
t 
Table 2. Number of Holstein calves in each ration classification 
Amount of milk 
1. 
Type of milk 
Liberal milk^ 
+ hay and 
concentrate 
2' Intermediate 
milk^ + hay and 
concentrate 
3. Limited milk*^ 
+ hay and 
concentrate 
4. Milk 
only 
1. V/hole milk 24 50 14 28 
2. Milk 
replacement®" 9 33 58 52 
3. Milk replace­
ment + other 
antibiotics 25 
4. v;hole milk + 
aureomycin or 
terramycin 4 10 
5. Milk replace­
ment + aureomy­
cin or terramycin 4 41 8 
6. Milk replace­
ment containing 
unhydrogenated 
vegetable oil 3 12 13 
^ver 450 pounds milk per 100 pounds birth weight. 
"300 to 450 pounds milk per 100 Pounds birth xveight. 
°Under 300 pounds milk per 100 pounds birth weight. 
^Skim milk, skim milk plus vegetable fats, or sny other replacement for whole milk. 
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antibiotics other than aureornycin or terramycln. Based on 
the above findings, the first three types of milk listed in 
Table 2 were combined and the fourth and fifth types of 
milk were combined. Filled milks containing'anhydrogenated 
vegetable oils were shown (7, 8, 39, 48) to inhibit growth, 
so that classification was retained. Aureornycin or terra­
mycln rations were separated from the others because Murley 
(49), Voelker (70), and Owen (51) have shown that those 
antibiotics stimulate growth in young calves. 
Since there was a relatively small number of calves In 
the "liberal milk" classification, the first two vertical 
columns were combined end designated as "liberal milk". 
Due to limited numbers, the calves fed antibiot'-ics were 
grouped disregarding level of milk feeding. Calves receiv­
ing rations containing unhydrogenated vegetable oils were 
grouped Gimilarly. Thus, the classification resolved Itself 
to five rations: (1) antibiotics added, 67 calves; (2) lib­
eral milk plus hay and grain, 116 calves; (3) limited milk 
plus hay and grain, 98 calves; (4) milk only, 80 calves; 
and (5) unhydrogenated vegetable oil added, 28 calves. The 
number of calves actually on each ration is increased over 
the above figures when the four breeds other than Holsteins 
are included. The combination of rations in Table 2 form­
ing each ration group listed above is blocked off by India ink 
lines. 
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It can be argued that the animals should have been 
grouped according to experiment also, but Tables 3 and 4 
reveal extremely non-orthogonal relationships which would 
tend to make the fit of constants to the data unrealistic 
If experiment effects were included in the model. Experi­
ment effects were highly confounded with ration effects. 
It was desired to have some rather realistic estimate of 
ration effects; therefore, both experiment and year classi­
fications were eliminated in this study. 
18 
Table 3. Number of calves®- having 8-week gain values 
classified by ration and experiment 
Ration 
Experiment 12 3 4 5 
1 48 
2 24 
3 33 21 5 
4 72 
5 20 9 
6 10 9 
7 16 
8 9 
9 10 
11 20 5 5 
12 59 
13 40 5 26 
14 18 17 24 
15 17 13 
16 6 24 
17 28 
A^ll breeds. 
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Table 4. Number of Holsteln calves having 1-year gain 
values ClaSBlfled by ration and experiment 
Ration 
Experiment 12 3 4 5 
1 23 
2 9 
3 7 3 1 
4 22 
5 13 4 
6. 6 5 
7 4 
8 6 
9 7 
11 8 1 
12 22 
13 15 9 
14 12 16 16 
15 1 
16 1 3 
20 
IV. ANALYSIS OF DATA 
A. Method of Loast Squares for Non-orthogonal Data 
Detailed descriptions of the least squares technique 
used in this study have been made by Hazel (36), Henderson 
(38), Yatos (74), Kempthorne (44), and Koch (45). Since 
the technique has been described so often, there is no need 
of describing it here beyond a brief outline of the applica­
tion of the method to the particular data analyzed in this 
s tudy. 
The model assumed for this study Is; 
i^jkim = ^  Bj / S^  ^/ / ®ljk_em 
"t" Vi 
where: Is gain of the calf (m = 1 to and 
''^ Ijk^  = number of calves In the Ijk/"" cell of the classi­
fication) in the Ijk;^ ^^  cell of the classification; juJ is a 
general effect common to all calves; is an effect common 
to all calves of the 1^^ sex, 1 = 1 to 2; Bj is an effect 
th 
common to all calves of the breed, J = 1 to 5; Sj^ Is an 
'I'Vs 
effect common to all calves of the season, k = 1 to 4; 
tVi is an effect common to all calves of the J- ration, 
1"Vi 1 to 5; and Is an effect peculiar to the m 
calf of the IJk^^^ cell of the classification. 
By rearranging the model, expressing the sum of 
in terms of the parameters, differentiating ®?Jk4.m with 
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regard to each ol' the parameters, and setting half of each 
partial differential equal to &ero, the normal equations 
are derived. Getting the condition,  ^Tj_ =  ^ ~ ^  " 
^ = 0, on the normal equations and aolvinti the normal 
equations, constants are derived which can be used to obtain 
unbiased estimates of differences betv/een the Tj_, the Bj, 
tlie £3is;, and the . The constant,, derived from these 
equations, is an estimate of / T / B / S R and Tj_, Bj, 
and Rj are estimates of - T, Bj - B, - 3, and -
R, respectively. 
A rather simple test for the presence of pooled inter­
actions is present inasmuch as a straightforv/ard analyflls 
of variance testing differences among cell meens Is unbiased 
even though the number of observations varies from cell to 
cell. The analysis of variance is symbolizod in Table 5. 
The sum of squares reduction due to fitting constants/e/u*, 
Table 5. Among cell analysis of variance 
Source of variance d.f. S.3. M.S. F 
Mean 1 A 
Among cells Nq C  ^ £^ 2, 
° Wq ENq 
Within cells Np E £ ® N 
e 
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the TjL, the Bj, the and the R/is the sura of the products 
of the constants and the right hand aides of their respective 
equations. Reduction sum of squares is syraholized by 
R(x^, T, B, 3, R) = Q. An estimate of interactions is ob­
tained by: A C - Q. Degrees of freedom for R(/^ , T, B, 
S, R), symbolized by are one for the mean, one for sex, 
four for breed, three for season, and four for ration, total­
ling 13. A test for interactions Is symbolized In Table 6. 
Table 6. Analysis of variance (test of 
pooled interactions) 
Source of variance d.f. 3.3. M.S. F 
rU<^,t,b,s,h) Nj, Q 
Interactions Nc-Nr^l A+C-Q, A+C-Q Ne( A+C-Q.) Nq-NP+I  (Nj,-Nj,+ 1)F 
Error Ne E E Ne 
The reduction sum of squares due to fitting any one 
classifioation after the other three oan be obtained in one 
of two ways: (1) by difference, for example, R(^ , T, B, 
S, R) - R(/^, T, B, S) = sum of squares due to fitting ration 
constants after fitting,^, sex constants, breed constants, 
and season constants, (2) the sura of the products of the 
constants by the rl^ht hand sides of the reduced normal 
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equations. The method of reducing the normal equations to 
expressions of one classification is fully described by 
Keinpthorne (44). Inversion of the symmetric matrix result­
ing from reduction of the normal equations yields a varlance-
covariance matrix in that classification. Since there are 
five rations, there would be five reduced equations in the 
five Rj( which could be symboli^'.ed by the follovjing matrix 
notation; 
•^ 11 ^ 12 ^ 13 
1—i 
1^5 Rl^ 
2^1 ^ 22 ^ 23 ^ 24 ^ 25 ^2 ^2 
3^1 ^ 32 ^ 33 ^ 34 ^ 35 ^3 3 ^3 
4^1 ^ 42 ^ 43 ^ 44 ^ 45 ^4 •^4 
^^ 51 ^ 62 ^ 53 ^ 54 ^ 55 
« ~ 
^5 
If the five by five r matrix ( A) is aug 
ones and a column of ones except the Sixth 
given a value of zero, ^ becomes • • 
Til ^ 12 ^ 13 r 14 1^5 
% 
1 
/ 
2^1 ^ 22 ^ 23 r 24 2^5 1 
A » 3^1 ^ 32 ^ 33 r 34 ^ 35 1 
4^1 ^ 42 ^ 43 r 44 ^ 45 1 
5^1 ^52 ^ 53 I 54 ^ 5^5 1 
1 1 1 1 1 q_ 
and the inverse is: 
= right hand side of the reduced equation. 
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-1 
.2 
°11 °12 °13 °14 
°21 °22 °23 °24 °25 
^ = C33_ C32 C23 C34 O35 1/5 
°41 °42 ®43 °44 °45 
°51 *^ 52 °53 °54 ^ 56 
1/5 1/5 1/5 1/5 1/5 0 _ 
Variance covariance Rj^R^i = c^_^i (T"^', ancl. vari­
ance - Rj^ x =! - 2c^ i^) (T^  where if^  Is esti­
mated by the error or within cell mean square of the analysis 
of variance symbolized in Tables 5 and 6. 
In the analysis of covariance, two sets of constants 
are derived, one for the independent variable and one for 
the dependent variable. Constants are fitted for both vari­
ables and the sums of squares are derived as above while 
the sums of cross products are obtained by summing the 
products of the constants of one variable and the right 
hand sides of the other variable. 
B. Effects of Breed, Sex, Season of Birth, 
and Ration on Qrowth 
1. Growth from 4 to 60 days of a^o 
Of the 659 calves included in the study, 593 had been 
weighed at both 4 and 60 days of age. Gain was computed by 
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subtracting the 4-day vjelght from the 60-day weight. Four-
day weight and birth v/elght are conolderod jsynonymouG in 
this study. The sex by breed by season by ration table 
had a possible 200 cells of which 135 contained one or 
more observations of 8-week gain. The symbolism used in 
analysis of these data follows: 
^ = effect common to all calves 
T^^ = males 
To = females 
= Ayrshire 
B2 - iBrown Swiss 
Bg =5 Guernsey 
= Holstein 
Bq = Jersey 
3^ = Winter 
Sg 3 Spring 
33 = Summer 
34 = Fall 
RjL « antibiotic added 
Rg = liberal mills', plus hay and grain 
R3 a limited milk plus hay and grain 
R4 a milk only 
R5 = filled milk contoining unhydrogenated 
vegetable oil 
The above symbols actually should have been designated 
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Ti, T2, etc., but for simplicity the hat symbol was eli­
minated. Any of the above symbols used from this point for­
ward are understood to be estiraatea of -f f / B / 15 / R, 
I'L - T, TG - T, BI - B, . . ., BNJ - B, - 3, . . . , S4 - S, 
- R, •••, R4 - R, and Rg - R, reepectively. 
In order to evaluate properly the cell to cell varia­
tion, constants were fitted by the process described in the 
preceding section. The normal equations are in Table 7 and 
the constants and differences between the constants are in 
Table 8. 
From ration, breed, sex, and season differences observed 
for thw first 6 weeks, it can be seen that male calves 
more rapidly than female calves; there were lorye differences 
amon^i rations with the antibiotic (^.roups producing moot weight 
{^ain and the unhydr'ogenated vegetable oil group the least; 
season differences were small; and the Ayrshlres, Brown Swiss, 
and liolstein breeds i^'ained more weight than the Jersey and 
Guernsey breeds. In view of the supposition that birth weight 
may affect rate of gain, the birth weight constants were de­
rived aiid are presented in Table 9. 
These differences tended to Indicate that a part of 
the breed and sex differences in B-week gain might be re­
lated to breed and sex differences in birth weight. In order 
to check this point an analysis of covariance vjaa computed 
and the results are presented in Table 10. 
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Table 7, Matrix notation of the normal equations for birth weight and 8-week 
593 298 295 186 164 108 135 46 62 42 395 48 102 207 118 117 49 
298 298 95 •86 44 73 27 28 19 196 28 42 104 55 68 29 
295 295 91 78 64 62 19 34 23 199 20 60 103 63 49 20 
186 95 91 186 22 25 16 107 16 32 47 33 48 26 
16A 86 78 164 12 11 9 121 11 26 73 12 36 17 
108 f^4 64 108 3 11 7 77 10 21 34 36 16 1. 
135 73 62 135 9 15 10 90 11 23 53 37 17 5 
46 27 19 22 12 3 9 46 6 20 1 10 9 
62 28 34 25 11 11 15 62 6 24 14 14 4 
42 19 23 16 9 7 10 42 11 19 4 6 2 
395 196 199 107 121 77 90 395 67 119 98 82 29 
48 28 20 16 11 10 11 48 12 25 1 5 5 
102 A2 60 32 26 21 23 6 6 11 67 12 102 
207 104 103 47 73 34 53 20 24 19 119 25 207 
118 55 63 33 12 36 37 1 14 4 98 1 118 
117 68 49 48 36 16 17 10 14 6 82 5 117 
49 
m 
29 20 26 17 1 5 9 4 2 29 5 49 

rmal equations for birth weight and 8-week gain values 
Gain Birth 
weight 
62 42 395 48 102 207 118 117 49 " aa/ 23628" "50092 ^  
28 19 196 28 42 104 55 '68 29 T 
1 12392 26159 
34 23 199 20 60 103 63 49 20 
^2 11236 23933 
25 16 107 16 32 47 33 48 26 Si 6729 15713 
11 9 121 11 26 73 12 36 17 
^2 6928 I4O84 
11 7 77 10 21 34 36 16 1. S3 4417 8949 
15 10 90 11 23 53 37 17 5 S4 5554 11346 
6 20 1 10 9 Bi 1829 3806 
62 6 24 14 14 4 
^2 2498 5658 
42 11 19 4 6 2 
^3 1354 or 2949 
395 67 119 98 82 29 16220 34863 
48 12 25 1 5 5 
^5 1727 2816 
6 11 67 12 102 
^1 5523 8246 
24 19 119 25 207 
^2 9770 17317 
14 4 98 1 118 R3 4470 10258 
14 6 82 5 117 3026 10232 
4 2 29 5 49 
'5 . T 
to 4039_ 

Table 8. Eight-vjeek. gain constants derived by solving normal equations, 
and differences between sexes, seasons, breeds, and rations 
Tl ^2 3l S2 S3 S4 
Constants 3.08+.66 -3.08+. 56 -.44+1.07 2.00+1.11 -.46+1.30 -1.10+1.19 
Differences between constants 
^2 6.16+^ 1.31 
32 2.44+1.69 
^3 .02+1.96 2.46+2.0/c 
S4 .66+1.82 3.10+1.87 .64+2.06 
% 32 B3 B4 B5 
Constants 5.30+2.05 4.61+1 
CM CO 
•
 -8.64+2.11 4.29+1.15 -5.55+2.02 
Differences between constants 
^2 
^3 
.69+3.11 
13.94+3.40 13.25+3 .17 
S4 1.01+2.52 . 0 C .18 12.93+2.60 
S5 10.85+3.28 IO.I6+.3 .08 3.09+_3.35 9.84+2.47 
^^ 1 ^3 ^4 % 
Constants 19.27+1.43 11.33+1.14 1.07+1.41 -11.36+1.35 -19.81+1.93 
Differences between constants 

Bi Bg B3 B4 B5 
Constants 5.30+2.05 4.61+1.82 -8.64+2.11 4.29+1.15 -5.55+2.02 
Differences between constants 
B2 .69+3.11 
Bg 13.94+3.40 13.25+3.17 
1.014^2.52 .32;T^2.18 12.93^2.60 
B5 10.85+3.28 10.16+3.08 3.09+^3.35 9.84+2.47 
% ^2 ^3 ^4 ^5 
Constants 19.27+1.43 11.33+1.14 1.07+1.41 -11.36+1-35 -19.81+1.93 
Differences between constants 
RG 7.94+1.93 
R3 18.20+2.19 10.26+1.92 
R4 31.13+2.18 23.19+1.87 12.93+2.13 
R5 39.08+2.81 • 31.14+2.56 20.88+2.82 7.95+2.71 
^Constant ^  = 33.65. 
Standard Errors. 

Table 9. Birth weight constants derived by solving normal equations, 
and differences betv;een sexes, seasons, breeds, and. rations 
^1 ^2 Si S2 S3 S4 
Constants®' 3.61+.49^ -3.61+.49 .62+_.80 .71+.84 -.68+.97 -.65+.89 
Differences betv;een constants 
2-2 7.22+.98 
S2 .09+1.27 
^3 1.70+1.47 1 . 59i^l. 52 
S4 1.47+1.37 1 .36+1.40 . 23+^1.54 
Bi B2 B3 B4 S5 
Constants 4.88+1.54 12.39+1.37 -8.24+1.59 10 .05^.86 -18.89+1.51 
Differences between constants 
^2 
^3 
7.51+• 33 
13.12+2.55 20.63+2.38 
5.17+1.89 2.34+1.63 18.29+1.95 
^5 23.77+2.46 31.28+2.31 10.65;+2.51 28 .94+1.85 
% % H3 H4 ^5 
Constants -.78£1.07 1.31+.85 .28^1.06 1-26+1.01 -2-06+1.45 
•n^ f-poTionopR hfitiveen constants 

Constants 4.86+1.54 12.39+1.37 -8 . 24j^l. 59 10.05j^.86 -18.89+1 .51 
Differences between constants 
7.51+2.33 
13 'lii+Z. 55 20.63+2.38 
B4 5.17+1.89 2.34+1.63 18 .29+1.95 
^5 £^3 .77-t-ii»46 31.28+2-31 10 . 65+ "(t»51 2S.94+1.85 
% H3 % ^5 
Constants -.78_^1.07 1.31+.S5 .28+1.06 1-26+1.01 -2-06+1 .45 
Differences betxveen constants 
£.09+1.45 
% 1.06+1.64 1.03+1.44 
2.04+1.63 .05+1.40 .98+1.60 
% 1.28+2.10 3.37+1.92 2 .34+2.12 3.32+2.04 
^oTiBtaXit JM - 77.60. 
Standard error-

30 
Table 10* Results of analyses of variance and covariance 
of 8-week gain and birth weight values 
Source of d.f. M.3. M.S. M.S. 
variance birth weight S-weelt gain 8-week gain 
adjusted for 
birth weight 
Season 3 103 281 245 
Sex 1 7992'«••'^  5409^ '-'^  2607^ H^  
Ration 4 156 21886-'^  ^ 21803^ Hf 
Breed 4 12570'»^ ''^  2410<^ '^- 8l4'»i"if 
Interactions 122 139 288 303 
Within cells 458^  140 249 243 
•^457 for adjusted 8-week gain mean square. 
significant at the 1% level of probability. 
At this point, it would seem that; 
(1) The ration groups differ in level of growth re­
sponse during the first 8 weeks of life. 
(2) Males gain faster than females during the first 
8 weeks. A part of this growth difference can be 
traced to difference in birth weight. 
(5) The breeds differ in their rate of growth during 
the first 8 weeks. Again, part of this difference 
can be traced to difference in birth weight. 
(4) Season of birth has no appreciable effect on rate 
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of gain from birth to 8 weeks of age. 
(5) Birth weight has a lov; degree of relationship 
with 8-week gain as measured by within cell corre­
lation (r = .161+_.046) . 
(6) There are true sex and breed effects independent 
of variation in birth weight. 
A look at the data in graphic form tends to further 
clarify the above statements. Figure 1 clearly indicates 
the nature of the ration differences on an average dally gain 
or tii'owth curve basis. The Holstein female group v^as se­
lected as an example because it contained a large number of 
calves. The ration effect was relatively constant over all 
breed by sex classifications. A majority of the calves in 
the antibiotic group were on the limited milk regime (see 
Table 2), so their growth should be compared with the 
limited milk group in eatimatlng growth response due to 
feeding either aureomycln or terramycin. 
Figure 2 does not clearly illustrate the breed and sex 
differences found by least squares analysis but does seem 
to point to the fact that the growth curves are all of the 
same general nature. Since the curves were based on arith­
metic averages, distribution of rations in the various breed 
and sex classes could be partially responsible for making 
the growth curves so similar. The breed and sex effects on 
growth are, however, very evident in the bar graph presented 
Figure 1. G-rowth curves (birth to 8 weeks of age) of 
Holstein females on the five rations 
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Figure 2. Arithmetic average body weights (birth to 8 
weeks of age) of males and females of the 
Ayrshire, Brown Swiss, Guernsey, Holstein, 
and Jersey breeds 
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in Figure 3. 
Brody (15) observed that the grov\fth process takes the 
form of an exponential curve and devised a formula for 
determining the growth rate of an animal relative to the 
size of the animal at a given time. Thus, in place of 
VJg - Wt 
computing daily gain, tg - t£* Brody would use the measure 
 ^ v/here Wg = final weight, W3_ = initial weight, tg - t^  ^dW/dt 
W 
time interval and where dW/dt = differential of weight v;ith 
regard to time and W = weight at any given time. 
If d,W/dt „ _ instantaneous relative growth 
w 
rate, it follows that dW/dt = kW and that dW/VJ - kdt. 
Integrating between ¥]_ and Wg and between t^  ^ and t2: 
'Wn >t( n'z r 
/ ^ - J 
2 
dt 
In Wg - In W]_ = k(tg - t-j^ ) , 
In Wg - In k = 
tg - ti 
In Wp - In Wt 
and = =• X 100 = instantaneous 
tg - ti 
per cent relative growth rate. 
The above formula for instantaneous per cent relative 
growth rate was used to compute values for Holsteln calves 
in the various ration tjjroups. A comparison of these values 
with average dally gain values is in Table 11. The meaning 
Figure 3. Histogram of birth weights and 8-v;eek gain 
values of the males and females of the 
Ayrshire, Brown Swiss, Guernsey, 
Hoi stein, and Jersey breeds 
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Table 11. Per oent relative growth rate and daily gain 
of Holstein calves from birth to 4 weeks and 
from 4 weeks to 8 v/eeks of age 
Birth to 4 weeks 4 weeks to 8 weeks 
Relative Daily Relative Daily 
Ration Sex rate gain rate gain 
Anti­ Male .73 .73 1.06 1.36 
biotic Female .55 .50 1.13 1.31 
Liberal Male . 55 .55 1.04 1.30 
milk Female .51 .49 1.00 1.17 
Limited Male .39 .38 .99 1.10 
milk Female .37 .33 .91 .98 
Milk Male .44 .43 .61 .70 
only Female .38 .34 .54 .55 
Unhydro-
genated 
vegetable Male .07 .06 .56 .56 
oil Female .08 .07 .50 .46 
of Instantaneous per cent relative growth rate is that an 
animal will gain that per oent of its weight during a given 
unit of time. 'Ihe day was used as a unit of time in this 
study. For example, a calf weighing 100 pounds on the 12th 
day of its life and having an instantaneous per cent rela­
tive growth rate of .78 per oent per day would be expected 
to gain .78 pounds during the 12th day of its life. 
It would appear that from birth to 8 weeks of age daily 
rate of gain and per cent relative growth rate are very 
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Closely associated. Since the values presented In Table 
11 were for thej Holstein breed and Holstein calves weip^h 
approxiffir^tely 100 pounds durinj;;; a large part of the first 
B weeks of liie, the relative rates of i^^nin were automati­
cally Giniilar to the daily rates of gain. Table 11 also 
Indicates that the ration effect may he greater in the 
first 4 weeks than in the oecond 4 weeks of life. 
Pijjure 4 serves to illustrate the breed and sex differ­
ences in relative growth rate. The most striking observation 
la that Jerseys seem to grow much more rapidly than the 
other four breeds in the period from birth to 6 v^eekn of 
age. Figure 3 and Table 8 Bubntantiate thifji observation. 
^• Grrov.'th from 4 days to 6 months of ap:e 
Six-month weights were available on very few animals of 
breeds other than Holsteins, so the study of growth from 
birth to six months was limited to the one breed. Only 19 
Holsteins having 6-month weights and birth v^'eights did not 
have B-week weights; therefore, it seemed advisable to 
exclude those calves from the study and obtain an estimate 
of vjhether the ration effects were largely confined to the 
first 8 weeks of life or if they carried over into the fol­
lowing 4 months of life. Symbols and methods-i used in the 
Figure 4. Rate of growth relative to size (birth to 8 
weeks of age) of males and females of the 
Ayrshire, Brown Swiss, Guernsey, Holstein, 
and Jersey breeds) body weight plotted on 
a logarithmic scale; slopes of the plotted 
lines measure relative.growth rate 
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study of B-week ^'ain values were used in this analysis. 
Normal equations used in obtaining the constants are in 
Table 12. 
Six-month t',ain constojits and differences enumerated 
in Tahle 13 show that there were differences among the 
ration groups and between the sexes. The season of birth 
again had little or no effect on growth. Table 14 reveals 
that there was a sex difference from birth to 6 months of 
age and that there was o.ex differentiation from 8 weeks to 
6 months of age independent of that from birth to 8 weeks 
of age. A further, and possibly more important observa­
tion, was that the major part of the ration differences 
were exerted in the first 8 weeks of life. Though the dif­
ferences between rations were greater at 5 months of age 
than at 0 weeks of age, those differences were directly cor­
related with the differences at 8 weeks of age. Table 15 
compares the ration constants for B-week and 6-month gain 
Values. It can be seen that the difference between any 
two rations is generally greater at 6 months than at 8 
weeks of age. In general, the calves were under approxi­
mately the same feeding and management conditions from 8 or 
12 weeks to 6 months of age. 
In order to check the magnitude of difference between 
rations at 8 weeks and 6 months of age, the average daily 
gain values for each sex and ration group from 8 weeks to 
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Table 12, Matrix notation of the normal equations for birth weight, 8-week 
gain, and 6-nionth gain values 
6-inonth 8-week 
gain gain 
'296 123 173 75 95 60 66 37 94 79 61 25" 
• 
AM 68648" 1224^"' 
123 123 38 41 17 27 17 33 30 30 13 Tl 30560 5443 
173 173 37 54 43 39 20 61 49 31 12 T2 38088 6801 
75 38 37 75 18 17 27 13 Si 16892 2704 
95 a 95 13 39 9 24 10 S2 22199 4210 
60 17 IS 60 12 13 30 5 S3 13440 
or 
2364 
66 27 39 66 12 24 23 5 2 S4 16117 2966 
37 17 20 13 12 12 37 Ri 9502 2026 
9A 33 61 18 39 13 24 94 R2 22966 4802 
79 30 49 17 9 30 23 79 R3 17967 3036 
61 30 31 27 24 5 5 61 
^4 13545 1881 
. 25 13 12 13 10 2 25 ^5 4668 
. .1 
499 
• 
or 
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on of the normal equations for birth weight, 8-week 
lonth gain values 
6-inonth 8-week Birth 
gain gain weight 
66 37 9A 79 61 25" 
• 
jUf 68648" 12244." 26261"' 
27 17 33 30 30 13 30560 5443 11366 
39 20 61 49 31 12 T2 38088 6801 14895 
18 17 27 13 Si 16892 2704 6883 
13 39 9 24 10 S2 22199 4210 8516 
12 13 30 5 S3 1344.0 2364 5110 
- or or 
66 12 24 23 5 2 S4 16117 2966 5752 
12 37 % 9502 2026 3266 
24 94 R2 22966 4802 8469 
23 79 R3 17967 3036 6929 
5 61 
^4 13545 1881 5466 
2 25 4668 499 
c « 
2131 

Table 13. Six-month gain constants derived by solving normal equations 
and differences between sexes, seasons, and rations 
^1 ^2 ^1 ^2 ^3 4^ 
Constants^ 15.16+2.24^ -15.15+2.24 1 .30+4 
CO 0
 » 1 .40+3.65 -9.35+4 .34 6.64+3.7S 
Differences between constants 
'^2 30.30+4.49 
^2 . lu+o .96 
S3 10 .65j^7 .11 10 .75+6.85 
S4 5 . 34+6 .75 5 .24+6.21 15.99+6 .75 
% % R4 H5 
Constants 25.59+5.58 IS.76+3.9 2 3 .44+4 .33 -7 . 30+4.58 -44.49+5 .56 
Differences between constants 
J^2 6.33+^7.41 
^3 22.15+7.57 15.32+5.97 
^4 32.69+8.26 25.0^6.34 10 .74+6 .65 
1^5 70.08+10.21 63.25+8.64 47 . 9v)+9 .08 37 .19+8.68 
^Constant = 228.54. 
"^Standard error. 
Table 14. Results of analyses of variance and covariance of birth weight, 
8-v;eek gain, and 6-month gain values 
Source of 
variance 
d.f- M.S. 
6-month gain 
M.S. 
6-month gain 
adjusted for 
birth v;eight 
M.S. 
6-month gain 
adjusted for 
8-week gain 
K.3. 
6-month gain 
adjusted for 
8-v;eek gain & 
birth weight 
Sex 1 63601*-^  42448'""^  27519 20953<^ -5^  
Season 3 2664 2476 1451 1662 
Ration A •X 23771«* 19402^ *-'''- 1672 1398 
Interactions 27 1209 1166 971 879 
Within cells 260^  1393 1304 871 845 
•^259 degrees of freedom for 6-month gain mean square adjusted for either birth 
weight or 8-week gain; 258 degrees of freedom for 6-month gain mean square 
adjusted for B-week gain and birth weight. 
-«-»p significant at the 1% level of probability. 
Table 15. A comparinon of ration constants for 8--weelr. 
gain and, 6-mo nth gain 
Ration Constants for 
8-week; gain 
from analysis 
of 8-week 
gain data 
Conotantn for 
S-iTfeek gain 
from conalysie 
of 6-month 
gain data 
Constants for 
6-month gain 
2 
4 
5 
19.27 
11.33 
1.07 
-11.86 
-19.81 
16.32 
12.29 
] , .26 
-9.20 
-20.66 
29.59 
18.76 
3.44 
-7.30 
—44.49 
6 mouths of age were computed and are listed in Table 16. 
The per cent relative growth rate values were computed for 
the same period and are also listed in Table 16. It seems 
that all ration groups grev; at about the same rate relative 
to their attained size but at considerably different rates 
measured in pounds per day per animal from age 8 weeks to 
age 6 months. Within cell sums of squares and crossproducts 
computed for Table 14 were used to compute correlations 
among the three characteristics. Correlations were; birth 
weight and 8-week gain .195^.060, birth weight and 6-month 
gain .260;i^ .058, 8-week gain and 6-month gain .615+^ .039. 
The latter correlation was partially automatic inasmuch as 
8-week gain vjaa a part of 6-month gain. 
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Ta.ble 16. Daily rate of gain fancl por cent relative 
growth rate values for Holstein calves 
from 8 weeks to 6 rconthe of age 
Sex Measure Ration 
1 2 
Males 
Females 
Relative 
rate 
Daily gain 
Relative 
rate 
Daily gain 
.74 .76 .78 .79 .79 
1.78 1.80 1.72 1.66 1.43 
.75 .71 .74 .81 .77 
1.65 1.50 1.46 1.53 1.29 
3. Qrowth from 4 days to 1 year of Gp:e 
Calves having both 4-day and 1-year weights were essen­
tially the same as those used in analysis of 6-inonth gain 
except that many of the males had been eliminated. The ana­
lysis of 1-year gain values v.'as limited to the Holstein 
breed. The normal equations are in Table 17 and the con­
stants derived from the equations and differences between 
the Constanta are in Table 18. These constants reveal that 
the sex difference at 1 year of age was even larger than at 
6 months of age. The rations were atill in the same order 
and season of birth effects were significant for the first 
tl me. 
Table 17. Matrix notation of the normal equations for birth weight 
and l-year gain values 
Gain Birth 
weight 
'214 44 170 56 64 42 52 20 84 49 42 19 ~ '107216~ "18950" 
44 44 19 8 7 10 3 14 10 11 6 Tl 23721 4061 
170 170 37 55 35 17 70 39 31 13 
^2 83495 14889 
56 19 37 56 15 13 19 o Si 27246 5126 
64 8 55 64 6 29 5 15 9 Sc: 32373 5697 
42 7 35 42 5 14 18 5 S3 = 20911 or 3527 
52 10 42 52 o 26 13 3 1 S4 26186 4600 
20 3 17 6 5 9 20 H]. 10820 1806 
84 14 70 15 29 14 26 84 
^2 42719 7514 
49 10 39 13 5 18 13 49 
^3 24246 4276 
42 11 31 19 15 5 3 42 R4 21003 3696 
19 6 13 9 9 1 19 > - 8428 1658 
Table 18. One-year gain constants derived by solving normal equations 
and differences bet^veen sexes, seasons, and rations 
Ti T2 Sg S3 S4 
Constants^  £9.85+5.65'^  -29.85+5.65 -10.63+8.23 21.87+7.68 -6.35+S.79 -4.89+8-16 
Differences between constants 
T2 59.70+11.31 
Sg 32.50+12.47 
S.3 4.28+14.18 28.22+13,75 
5.74+13.62 26.76+12.76 1.46+13.78 
Hi Rg R3 R4 R5 
Constants 46.49+12.96 12.73+7.69 4.05+^9.32 .22+9.69 -63.11+13.24 
Differences betvjeen constants 
^^ 2 33.71+16.42 
^^ 3 42.44+17.71 8.73+12.13 
R4 46.27+18.71 12.56+12.88 3.83j^ l4 .43 
^^ 5 109 .60+_22.03 75.89+17.21 67.16+18.67 63.33+18.13 
^Constant = 512.63. 
Standard error. 
The analyties of variance an'l oovarlance in Table 19 
ahovj r,hati all effeotra woru significant, including the 
pooloa, interaction term, luzperimont effucta ivore ignored 
in the orijjjinal clasrjlfication, but were reoogniiiod to 
Table 19. Reeulta of analyseo of variance and 
covariance of 1-ycar gain and 
birth vjeight 
Source of cl.f. M<3. M.S. 
variance 1-year t^ain l~year gain 
adjusted for 
birth wein-ht 
3ex 1 lie3S5<^'"- 88077^Hi-
SoaQon 3 12155'!^ 13529^^ 
Ration 4 28646^H^ 22305^^^'• 
Interactions 23 9477''^'"' 8615''^'!^ 
Within cells 182 4258 3846 
••'•F significant at the 5/S level of probability, 
significant at the l/o level of probability. 
exist and to be highly confounded with ration effects (see 
Table 4). The deletion of calves could have unbalanced the 
cells v;lth regard to experiments, thus allowing experiment 
effects to create the impression of interactions among sex, 
season of birth, and ration. In order to test whether or 
not the above was true, a set of normal equations including 
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experiment effecto were solved. The pooled Interaction re-
niainiritS after fitting; sex, senaon, ration, and experiment 
constants wso nonsignificp.nt; but the ration constants 
vjore (?xtreraely unrealistic due to the hl(';h degree of con­
founding between ration and e:-:periment cl nssifIcstion . 
The ration constants derived when experiment effect;? were 
Included in the model were; = 156.51, R2 = 832.57, 
R5 = 62.14, = -298.95, and R5 = -147.67. It is clearly 
ridiculous to suppose that calves f^iven a liberal milk 
ration plus hay and concentrate the firet 8 xueeks of life 
should ;-;ain 5."51 pounds more from birth to 1 yeer of age 
than calves given milk only for the first 8 v/eeks of life, 
[jlnce thuse constants could not be used to describe differ­
ences between rations, the first fit of constants was used 
to describe ration differences while the second fit was used 
to explain why the interactions were larj^e in the first. Dif­
ferences between sexes and among seasons were very similar in 
both sets of constants, so the first set was used to describe 
these differences also. 
Correction of gain for birth weight made no difference 
in the degree of significance of the various effects though 
birth weight and 1-year gain had a within cell coefficient 
of correlation of .319+^.067. The magnitude of ration con­
stants was greater than in the analysis of 6-month gain 
data. IHelatlve rates of ;ialn and daily rates of gain for 
Holstein females from 6 months to 1 year of age are listed 
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in Table 20. 
It would appear that the animals on the poorer rations 
ill early life have a tendency to start catching up with 
animals on the better rations between 6 months and 1 year 
of age. These values (Table 20), being based on arithmetic 
average weights, cannot be taken as other than a rather 
rough estimate of the true situation. 
Table 20. Per cent relative growth rate and pounds 
gain per day between 6 months and 1 year 
of age for Hoistein females 
Ration 
1 2 3 4 5 
Relative gain .33 .33 .35 .37 .42 
Daily gain 1.50 1.46 1.48 1.55 1.60 
C. Correlation of Birth Weight with Weight Gains 
From the correlations derived in preceding sections, 
it appeared evident that the relationship between birth 
weight and gains for various periods of the animal's life 
did not remain constant. Figure 5 shows the relationship 
of birth weight to 4-week., 8-weelc, 6-raonth and 1-year gain 
values. Hoistein females of the liberal and limited milk 
Figure 5. Relationship between birth weight and gains 
in Holstein females fed liberal milk and 
liniited milk diets from birth to 8 weeks 
of age 
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rations were ohosen because there were greater numbers in 
those groups. The distributions of the above groups were 
representative of the other groups. It appeared that gain 
was not tsreatly affected by birth weight. Relationship 
between gain and birth weight tended to Increase as the 
period from birth to age of measurement increased. 
Holstein calves were then divided into groups accord­
ing to birth weight and average gains and per cent relative 
growth rates were computed. The only class having a reason­
able number of animals in all birth weight classes was the 
Holstein females on the liberal milk, ration. Numbers 
ranged from four under 70 pounds to 20 in the 80 to 89 
pound class. The above values ere listed in Table Bl-
It was quite noticeable that the heavier calves at 
birth seemed to be somewhat heavier at the four ages, but 
the lighter calves seemed to have a tendency to grow faster 
relative to their weight. Both of the above tendencies 
were more marked at 6 months and 1 year of age than at 
either 4 weeks or 8 weeks of age* 
The nature of the changing relationship between birth 
weight and gains is more definitely defined by the correla­
tions in Table 22. 
All of the correlations listed in Table 22 were computed 
from pooled eums of squares and crossproducts within cells of 
a breed by sex by season by ration classification. 
Table 21. Daily gain and per cent relative rate of growth from birth to 4 weeks, 
8 weeks, 6 months, and 1 year of age for Holstein females fed a 
liberal milk diet from birth to S weeks of age 
Birth weight No. Ave- birth Ave- 4-week Ave. 8-week Ave. 6-Eionth Ave. 1-year 
class calves weight gain gain gain gain 
Under 70 4 82.2 12.8 38-6 259 498 
70 to 79 10 75.4 13.4 40.7 286 538 
80 to 89 20 82.4 16-4 47.6 309 589 
90 to 99 17 94.0 17.3 50.6 349 595 
100 and over 8 108-9 10.3 47.7 332 62S 
Birth weight Relative rate Relative rate Relative rate Relative rate 
class to 4 v;eeks to 8 weeks to 6 months to 1 year 
Under 70 .67 .86 .92 -61 
70 to 79 .58 .77 .88 .58 
80 to 89 .65 .81 .87 .58 
90 to 99 .60 .77 .87 .55 
100 and over .60 .79 .83 .55 
Table 22. Correlations between birth v;eight and gains for varying periods 
from birth 
Gain to age 
2 4 5 8 12 15 6 1 
Data d.f. wks. wlcs. v;ks. wks. wks. v;ks- mos. year 
8-week gain 
analysis 457 
6-cionth gain 
analysis 259 
.161^ "^  
.195^ -»- . 260-»'» 
1-year gain 
analy si s 181 
Holstein calves 
all gains to 
8 weeks 349 -.100 .057 .133"''!' 
.319^  ^
OJ 
.164** 
Holstein calves 
all gains to 
16 weeks 149 -.051 .131 .244^^-5^ .297«-:' .382-"-:^ .272^^:^ 
Holstein calves 
all gains except 
12 and 16 weeks 161 -.159» .001 .107 .18e-» .316-^ -^  .327*^  ^
Analysis of gains 
related to age at 
calving and milk 
production 95 .166 .356** .291** 
•^ Significant at the 5% level of probability. 
**Significant at the 1% level of probability. 
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The largest correlation found was that between "birth 
weight and 12-week, ti'ain. Correlation of birth weight with 
gains to 8 weeks of age or less were less than .30 and the 
correlation values of birth weight with gains to 12 weeks 
or older ages were between .30 and .40 in most cases. Thus, 
birth weight accounts for less than 16 per cent of the total 
variability in body weight gains. The negative correlation 
between 2-week gain and birth weight indicates at least a 
tendency for the heavier calves to grow slower immediately 
after birth. 
D. Correlation of Weight Gains with Age at 
Calving and Production 
Of the calves included in the study of factors affect­
ing growth, 113 Holstein females had all of the following 
measures: birth weight, 8-week gain, S-month gain, 1-year 
gain, age at first calving, and first lactation milk produc­
tion. These data were used to compute correlations among the 
above characters. Age at first calving was recorded to the 
nearest tenth part of a year, i^roduction records were based 
on two times per day milking and were converted to a 305-
day, mature equivalent, 3.5 per cent fat basis. Correction 
factors for conversion to mature equivalent were taken from 
D.H.I.A. Letter 29;7 (68). Record length conversion factors 
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(1) as Interpolated by McG-llllard (46) were used to stand­
ardize record length. Correction to 3.5 per cent fat was 
selected because that value wae near the Holateln herd aver­
age in the Iowa State College herd. Correction factor for 
conversion to standard fat was .43 x milk + 16 x fat which 
was derived by McGilliard (46) from work by Gaines (31). 
Since season had l i t t le  effect on gains and the animalG 
in any given ration group were fairly equally divided among 
the seasons, a simple among and within ration analysis of 
variance was computed to test signi f icance of among rat ion 
variance for each trait listed above. This analysis of 
Variance is in Table 23. The outstanding inconsistency 
noted between the above analysis and the previously pre­
sented analysis is the failure of ration groups to differ 
in 1-year gain values. Ration differences in 1-year gain 
approached significance at the 5 per cent level of signi­
ficance. The analyses of growth presented in previous 
sections describe ration differences more accurately than 
the one in Table £3 due to the greater numbers involved in 
those analyses. The ration groups did differ in age of first 
calving but there was no specific tendency for age at calv­
ing to be associated with grov/th rate,. The ration averages 
in Table 24 show that, in these data, early age at calving 
was by no means perfectly related to rapid growth. The 
Table 23. Analysis of variance of birth weight, gain, age of first calving, 
and production of Holstein females 
Source of d.f. M.S. M • S • M.S. M. S - M.S. M.S. 
variance birth 8-vjeek. 6-iiionth 1-year age at production 
vj eight gain gain gain calving 
Rations 4 124 4750** 12128^ -* 7447 1084 
Error 108 157 213 1236 3702 .034 501 
significant at the 1^  level of probability. 
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Table 24. Ration averages of birth weight, gain, age 
at first calving, and production of 
Holstein females 
Ration Birth 8-v;eek 6-month 1-year Age at Productions-
weight gain gain gain calving 
1 92.4 • 72.2 272.8 540.4 1.98 134 
2 87.6 47.3 232.4 500.4 2.23 124 
3 83.9 v39.5 217.6 480.7 2.08 135 
4 85.2 26.2 209.3 488.9 2.27 123 
5 83.3 15.8 171.8 457.5 2.22 111 
^'Production measured to nearest 100 pounds of F.C.M., 
M.E., 3Q6-day record. 
ration groups did differ in production during the first 
lactation, but that difference did not attain Btatistlcal 
significance. 
A more exact measure of the relationships among the 
above listed characteristics was found by computing the 
within ration correlations which are listed in Table 25. 
Birth weight had a lower degree of correlation with 8-week 
gain than vjith either 6-month or 1-year gain. Birth weight 
vms positively correlated with milk production and nega­
tively correlated with age at calving with both correla­
tions being significant at the 5 per cent level. The three 
measures of gain were negatively associated with age at 
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Table 25. Correlations between birth weight, 8-week 
gain, 6-month gain, l-year gain, age at 
first calving, and production based on 
107 degrees of freedom within ration 
8-week 6-month 1-year Age at Production 
gain gain gain calving 
Birth weight .127 .324-iHf 
8-week gain .573-I'''"' 
6-month gain 
1-year gain 
Age at calving 
. 260^H> 
-.188^^ .217^^ 
.321^^^^ -.056 .072 
.539<'"ii' 
-.059 .257-»Hf 
-.056 . 223''^  
.014 
•"•Signifleant at the level of significance. 
Significant at the level of significance. 
calving but none of the coefficients of correlation were 
significant. These small negative correlations of birth 
weight and gain with age at calving could be largely attri­
buted to the managerial practice of breeding heifers accord­
ing to size. Eight-week gain was not significantly corre­
lated with production, but both 6-month gain and 1-year gain 
were significantly and positively correlated with production 
in the first lactation. 
As a check, the same correlations were also computed 
within ration by season classification. In general, the 
above correlations (see Table 26) were larger than those 
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Table 26. Correlations between birth weight, 8-week. 
gain, 6-month gain, 1-year gain, age at 
first calving, and production based on 
95 degrees of freedom within ration 
and season 
S-week 6-month 1-year Age at Production 
gain gain gain calving 
Birth weight .166 .356•«•^^ -. 205^^ . 276•!•^^ 
8-week, gain .578'»H'' .337-i^ ^^  -.104 .088 
6-raonth gain .559^^^ -.058 . 300<'-^  ^
1-year gain -.067 .301<H^  
Age at calving .044 
computed within ration. The significant coefficients were 
the same in both cases. 
Significance of the correlation coefficients was 
tested by the t test. According to Fisher (27), the stan­
dard deviation of a correlation coefficient is approximated 
by ^ for a reasonably small correlation based on a /ITT. 
large number of degrees of freedom. Fisher (27) also proved 
r j  to be distributed as t and Snedecor (61) has 
^ d .f. 
listed necessary correlation values for significance at 
the 1 per cent and 5 per cent levels. 
Production was not correlated with age at calving. 
60 
This can |De explained by the fact that the production 
records were age corrected. The large correlation between 
the various raeaoures of gain can be partially accounted for 
by the fact that 8-week gain is a psj?t of both 6-nionth and 
1-year gains and 6-iiionth gain is a part of 1-year gain. 
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V. DISCUSSION 
The data used In this study were of such a nature as 
to make certain calculations more reliable than others due 
to the fact thaL the volume of data Involved in specific 
calculations varied. Experiments from which data were taken 
for this etudy were, for the most part, conducted from 4 
days to 8 weeks of age. All Holsteins and Guernseys remain-
inji' in the, herd to 6 months and 1 year of age were weighed 
at those ages/ while other animals were weighed at 6 months 
and/or 1 year of age only if the experiment to which they 
were assigned extended to that age. Some experiments 
extended to 12 weeks of age and some calves were weighed 
at intervals between 12 weeks and 6 months of age. 
The amount of information on gains for various periods 
from birth varied greatly. Analysis of gains for periods 
up to 8 v/eeka from birth was based on 550 or more Holsteins 
and 40 or more animals in each of the other breeds while 
analysis of gains to 1 year of age was based on about 200 
Holsteins. Beyond 8 weeks of age, the breeds other than 
Holsteins were represented by so few animals it v/aa not 
considered worthwhile to include them. Thus, information 
about growth response of the breeds was limited to the 
early age period avnd Information concerning the effects of 
season of birth, sex, and ration was more reliable in the 
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first 8 weeks due to the larger number of animals Included 
in the analysis of growth in this period. 
Rathore (57) aiid Morrison (47) each stated that hie 
study was hampered by the reduced numbers available at 
older ages. Of nearly 200 male Holateino Slaving 8-week 
gain values in the present study, only 44 had l~year gain 
values. 
Birth weight was affected by sex of the calf and by 
breed, as evidenced by Tables 9 and 10. Other workers 
(22, 23, 28, 56, 66) previously found one or both to affect 
birth weight. In this study, factors affecting birth 
weight were of less interest than the effect of birth 
weight on gain. 
Both breed and sex differences or effects were signi-
fioarjt (P £ .01) in the analysis of 8-week gain (Table 12). 
Computation of the sums of squares due to the above factors 
after adjustment for birth v/eight differences revealed that 
both effects remained significant (P£ '01), but the reduced 
F values indicated that the effects of breed and sex inde­
pendent of birth v/eight were smaller. 
Components of variance were not computed in this study, 
2 but it can be seen in Table 10 that (T is estimated as 249 
and 243, respectively, in unadjusted and adjusted analyses. 
p p 
The mean squares for sex are each estimates of (J* + kQiTip# 
sex being a fixed variable. Subtracting the within cell 
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mean square from each sex mean nqusre, KqcTr^ ' is estiaated 
as 5160 and 2464 hy the unadjusted and adjusted analyses, 
respectively. A aimllar argument showa the adjuatBcl and 
unadjusted analyseFi to estlmtite Kq ^b variance) aa 
571 and 2161, respectively. The reduced value of these 
components of variance indicates that birth weight did 
influence the differences in gain attributable to breed 
and sex. 
From the above arguments, it can be seen that animals 
being assigned to experimental treatments should be assigned 
in some way which would prevent confounding breed and sex 
effects with treatment effects. A randomised block, design 
wherein all animals in a block are of the same breed and 
sex probably beat fits this situation. If, hov;ever, the 
person planning the experiment is willing to accept a less 
exact estimate of treatment effects, an unbalanced design 
could be used and a part of the breed and sex effects re­
moved by covariance analysis with birth weight being the 
independent variable and gain the dependent variable. 
Breed differences were not estimated at 6 monthe and 
1 year of age. Sex difference became greater as age in­
creased as can be seen from the fact that the difference 
of gains between males and females progressed from 6.16 
pounds at 8 weeks to 30.30 pounds at 6 months to 59.70 
pounds at 1 year of age. Males were 7.22 pounds heavier 
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at birth than viere femaleB. Adjustment of S-month gain 
values for 8-v/eek gain and birth v/eight failed to remove 
nignifioance of the sex effect. Thus, it aeems thjil the 
male calves continually gain faster than the female cnlvee 
tmd, thou(j;h the growth curves are eimilar in shape, they 
definitely are not similar in daily rate of {i;aln. 
Wo analysis of variance of relative rate of gain 
Values was computed, but an e:iaminatlon of Table 11 reveals 
tiiat the males tended to gain faster relative, to their size 
thaxi the females during the initial B weeks of life. The 
BOX difference in relative rate of gain was not so obvious 
from a weeks to 6 months of age (see Table 16). The sex 
difference would appear to be a "snowballing effect". 
Some inherent characterietic causes a difference of about 
lt3 pounds body weight to be manifest at B weeks of age. 
Even if growth from 0 weeks forward proceeds at the same 
rate of growth relative to accumulated weight, the com­
pound interest nature of growth causes the male to gain 
more pounds per day due to the already accumulated differ­
ence. The sex difference in absolute weight constantly 
increases as the animals become older. Of course, it must 
be remembered that the male is characteristically heavier 
than the female at maturity. 
From the above, relative rate of growth can be sug­
gested aa a possible means of measuring growth relatively 
free of sex effect- It Is quite cleBTj however, thet 
daily rate of {^aln for males and females differs at all 
ages studied. 
Season of birth sffecte were non-significant at 8 
weeks and at 6 months of pge as evidenced by Tables 10, 12, 
lbJ and 16. The empirical classificotion of season of 
birth used in this analysis is such that calves born near 
the end, of a given season would be nearer calves born 
early in the following season than calves bor^n early in 
the same season. The results found can be Interpreted as 
meaning that the average conditions of the four seasons are 
equally conducive to growth. The results cannot be inter­
preted, for exsjnple, to mean that extreme heat or extreme 
cold would not cause an animal to slow its growth rate for 
the duration of the stress period. At 1 year of age there 
was a difference in gain due to season of birth. Why should 
that difference show up in 1-year gain when it has not been 
present previously? The moat plausible explanation is that 
the animals were placed on pasture or in an open shed at 
about 6 months of age amd were more subject to the elements 
and the variation in quality and quantity of feed from 
season to season. Constants for season (Table 18) show 
that sprinj.; calves are heavier than calves born in the 
other seasons. Management practices regarding rate of 
feeding in March and April and the availability of Pasture 
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in late April and In May could contribute to the heavier 
weights of thene aniinnlfl. Sprini^ calven yre also likely 
to be fed dry feed (including considerable concentrates) 
alinoat constantly from birth to about 1 year of age. An 
increased i^rov.'th to 1 year of age would be the logiorj. 
result of grain feeding. 
A possibility not to be ignored is the fact that dele­
tion of calves could have seriously unbalanced the season 
groups with regard to the frequency of the experiment and 
ration classifications. It was previously explained that 
fitting of constants includinp; on experiment clnssificetion 
reduced the interactions to a non-significant level. The 
experiments included would have to be oonaidered as random 
selections from an Infinity of possible experiinents. If 
experiment effect is random and the pooled interaction 
term includes some variability due to this random effect^ 
the interaction term becomes a more plausible error term 
than the within cell va.i'^iance. Testin^i season effect 
again.'it the interaction terra of either analysis resulted 
in nonsignificance. Thus, the oignificance of season effect 
v/as subject to doubt. 
Since there is some question as to why the season 
effect became significant in the 1-year analysis and, in 
fact, some question as to whether the season effect was 
truly significant, it cannot be considered as being too 
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important. In order to be asBured that the ceanon effoot 
is not causing treatment dirferences in studies extending 
to 1 year or age, it would be highly adviaable to compare 
the treatments on anima.ls as nearly contemporary an pos­
sible. ITrie season eri'ect is of no great importance) if the 
experiment is to be concluded at an age of 6 months or less. 
It was found that ration affects grov'th to all oges 
considered in this study. This cannot he conslclerefi as 
surprising in vie\ij of the finding!? of experiments from 
v/hich data were taken for this study. 
From 6 months to 1 year, both the daily rates and the 
relative rates of gain tended to Indicate that the previously 
underfed aniinala were gaining on the better fed animals. In 
view of the general shape of the growth curve, this is not 
surprising. The point of most rapid ,;;ain is some^'A/here in 
tills range. The well fed animals v;ould tend to reach the 
point of inflection earlier and then start to decline in 
relative rate of gain v/hlle the Previously underfed animals 
would tend to remain in the self-accelerating phase of 
grov/th to a later age and 'Aiould have a greater portion of 
their period of most rapid gain in this period. 
From this study, the indications are that a rapid 
gaining ration group tends to maintain its weight advan­
tage to 1 year of age. The v/orkers (21, -35, 58) who have 
moat carefully studied the effects of ration on grovjth 
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have continued the ration for longer periodtj than 12 weeks 
from birth, so their findin^jS are not £5trlctly applicable 
to thif.i CPGC. Li'urthBr r.tudy of this probloin ie necessfiry 
to determine thtj lipecific at which (jo^uality of v;eight 
iR rejiched. W'orkern citod above found no difference in 
mabure weiciit of animalc fed limited and libernl rations 
to approximately 2 yoaro of age when the anirnala were fed 
liberally thereafter. 
Birth weight was found to affect roto of gain to a 
small dogreo. Omaller oalves Reoraed to [^ain leoo v/oly;ht 
per day but more weight per nnit aoournulated xv'eip;ht than 
larfcjjer calves (Table 21). 'Bie correlation betv/een birth 
weitiht and gain tended to increase up to 12 weeks of ago, 
but was less than .40 at all ages. The literature on thie 
apecific topic is rather sparse, but ^.Ispe ot (26) re­
ported greater variability at early ages than at older ;?.ge0 
and Rathore (57) found the pattern of breed differences in 
Blze to more closely resemble broed differences in birth 
weight at older ati'ea than in the firat fev; months of life. 
Blackmore (9) studied herl teibility of body weight at 6 
months, 1 year, and 2 years of oge and observed an increased 
heritability of body weight as age increased. All of the 
above facts tend to indicate that growth may be highly sub­
ject to environmental variation the flrp.t few months after 
birth. The correlation is not large enough at any roint 
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to warrant groupinf^- calves according to "birth weight prior 
to assignment to experimental treatments. 
It could be hypothesized that birth weight and mature 
siz.e are more closely associated genetically than birth 
weight and early grov/th. In such a situation, changing 
from the protected intra-uterlne environment to the more 
vulnerable extra-uterine environment leaves the calf sub­
ject to many environmental changes. In this period of ad­
justment, the inherent size of the animal and the birth 
weight have little effect on growth as compared to the many 
environmental stresses and strains. Following the adjust­
ment period, the inherent size factor present In the animal 
exerts itself to cause the animal to grow at a rate suffi­
cient to reach the inherited mature size. 
From this hypothesis, it would seem that the most 
opportune time to test the value of certain calf rations 
is early in the calf's life. How much of the early life 
should be used is another question. There obviously is 
some age at which environmental influences exert their 
effects in such a way as to represent a maximum Percentage 
of the total variability. Whether that age is 2, 4, 6, 8, 
or 12 weeks or some other age should be answered in some 
future study. It could easily be true, for example, that 
a test of significance of gains to 4 weeks of age would be 
more sensitive to ration differences than a test of 
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significance of ji-ains to any other age. 
The importance of rapid growth in a dairy heifer has 
been the subject of previous work- Ecltles (21) and Eckles 
and Swett (25) concluded that the rate of grov;th and conse­
quent age at maturity could be influenced by rate of feed­
ing. It was concluded in those studies that the more eco­
nomical managerial practice would be to groxv heifers at a 
rapid rate in order to breed them earlier. They found no 
difference between underfed and normally fed heifers in 
ability to produce milk. More recently, Held (58) and 
Hantjson £t al. (34) reached the same conclusions regarding 
rate of growth and age at maturity. 
Less drastic treatments were studied in the present 
investigation, but the findings were the same. Neither 
milk production nor age at calving was significantly af­
fected by rate of grov/th to 8 weeks of age. Growth to 6 
months and 1 year of age was correlated with milk produc­
tion, but Gjelstad (32), Bailey and Broster (4), and 
Blackmore (9) all reported low correletions between body 
weight and milk production. 
Birth weight was correlated with milk production 
(r = .217) to a higher degree than was reported by either 
Blackmore (9) or Straus (62). Both reported a genetic rela­
tionship between birth weight and production. 
The effects of ration on age at calving and on 
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production were too slight to be of importance in deter­
mining what rations or managerial practices should be fol-
lov/ed in raising heifers. In view of the above findings 
and the work by Plansson ejt (35) indicating that slow 
growth is related to longevity, the importance of rate of 
growth can be reduced to two considerations; (1) Is it 
more economical to grow heifers fast and breed early or slow 
down tirowth and j/,et longer life? and (2) Is growth an index 
of the desirability of a managerial and/or feeding regime? 
The first question cannot be answered here due to data 
limitations. The second question is subject to some con­
jecture, but rate of growth is generally accepted as a 
measure of health and vigor. Strong, thrifty, healthy 
calves are the object of most dairy herdsmen, so growth 
rate should be a satisfactory measure of the adequacy of 
feeding and managerial programs. 
G-rowth standards have been tabulated by Ragsdale (53), 
Morrison (47), Espe £t (26), Campbell and Flux (19) 
and Eckles (24). A comparison of these values with aver­
age and adjusted values for animals included in this study 
is in Table 27. B'rom the adjusted averages, it can be seen 
that Rations. 1 and 2 compare favorably with most of the 
standards. Ration 3 is very near the aritluaetic average 
at the three ages studied, thus, the arithmetic average 
of growth data included in this study could v/ell serve as 
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Table 27. G-rowth standard values for Holatein heifera 
at birth, 2 months, 6 months, and 1 year of 
age; values derived from the present study 
baaed on 170 or more animals 
ty tandard Birth 2  months 6 months 1 year 
Campbell and Flux (19) 
Eckles (24) 
Espe £t al. (26) 
Korrison"T4:7) 
Rag3dale (53) 
Present study 
(1) Arithmetic average 
(2) Adjusted to: 
(a) 
(b) Ri 
(c) R2 
(d) R3 
(e) R4 
(f) 1^5 
160® 390 575 
90 157 349 558 
89 132 358 662 
91 150 365 653 
90 148 355 632 
86 125 307 579 
86 121 301 573 
86 140 326 619 
86 131 319 586 
86 122 304 577 
86 109 293 573 
86 101 256 510 
^'Read I'rom a graph. 
'^Averages presented in Tebles 24 and 27 are not comparable 
because only a portion of the data was used for Table 24. 
a standard for limited milk diets. Averages adjusted to 
Ration 2 v;ould probably more nearly approach the management 
practiced by the average and better-than-average farmer. 
Adjusted averages presented in Table 27 were computed by 
utilizing previously derived constants to eliminate ration dif 
ferencefi. For example; if , there were N animals of which 
received H]_, N2 received Rg, nnd N5 received R5. The 
average adjusted to R]_ v;ould be 
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^ ^ (gains of calver, receiving 
^ " + average 
birth weight. 
The great variability of these cirta plus the variability 
reported by Ragsd.ale and Regan (55) would lead one to ques­
tion what is "normal". Tho value of the average curve is 
certainly not ae greet as some of the early literature would 
lead one to believe. 
Further Investii^ations suggerjted by thin study Include 
the followinf^t 
(1) An accurate and detailed study of the value of 
relative rates of grovjth in interpreting experi­
mental results. 
(2) An accurate Investigation of the age at which 
calves retarded in grov;th by e^rly ration gain 
enough weight to become bb large as their contempo­
raries fed more liberal and satisfactory rations 
early in life. 
(3) Determination of the at which ration vari­
ance is a maximum percentage of total variance 
and, consequently, vjouM allow the most informa­
tion to be gained concerning ration effects on 
grow th. 
(4) A study of the value of linear body mensureraents 
in evaluating the adequacy of ration and/or man­
agement practices. 
74 
VI. SUMMA.IY AND C0KCLU3I0NS 
Availabl.e body weight data to 1 year ol" on 6D9 
dairy oaiveo v/hioh had been on nutrition experiments were 
used to study the effects of breed, sex, seaaon of birth, 
ration, and birth weight on ^^-rowth of dairy calves. The 
associations of birth wei{j;ht and body weight gain vjith age 
et oalvin^j and milk production of Holstein heifers v;ere 
studied also. 
Analysis of Variance and covarianoe and estiinstion of 
differences between the sexes, rations, breeds, and seasons 
were accomplished by fitting constantfi. The model assumed 
for the analysis was: 
^ijk<2ra = / Ti / Bj / Sk. / r 
where represents a weight {^'ain observation in the indi­
cated cell of the four way classifIcatlon, is a constant 
common to all calves, Tj_ is a sex effect, Bj is a breed ef­
fect, la a season of birth effect, is a ration effect 
tVi 
and is a deviation peculiar to the ra calf in the 
cell of the classification. 
Males were found to (iain sit!;nifIcantly more than females 
to 8 weeks, 6 months, and 1 year of age. The sex difference 
increased with age and was partially independent of the 
birth weig'ht difference. The sex difference in gain to 6 
months vms significant after adjustment for B-week gain. 
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Correotlon for "birth wyi^^hli reducod the-; ma^iriltude of the 
sex effects. 
The breeds v/are found to differ in 8-v;eek tjain both 
before and after adjustmont for birth weight. Adjustniant 
for birth v;ei{^ht reduced the msii^Tiitude of breed variation. 
Insufficient data were available to compute breed differ­
ence a to 6 monthe and 1 j^ear of age. 
Season of birth effects on growth were found to be non-
si^^nixioant to 8 weelis and 6 months of aj^e but were found 
to be significant to 1 year of age. Posniblo explanations 
of thia phenomenon are discuesed. 
Ration effects were highly Bi^^nificant at all ages 
studied. Antibiotic (aureomycin or terraniycin), liberal 
milk, (over 300 pounds), limited milk, (under 300 pounds), 
milk only (no hay or grain to 8 weeks) and rations contain-
in[i unhydrogenated vegetable oil were ranked in that order 
according to ability to produce body weight gain. Ration 
effects to 6 months of age were non-significant when 6-month 
gain was corrected for B-v;eek gain. Ration differences 
tended to persiet to 1 year of age, though there seemed to 
be a slight tendency for calves from the poorer rationn to 
begin to "catuh up" betv/een 6 months and 1 year of age. 
Correlations of birth v;elght"- with body weight gain 
tended to increase as the age to which gain was computed 
increased. Correlations of birth weight with gain to 2 ,  
4, 6, and 8 weeks of a-j^e were los;^ than .30 while correla­
tions of birth wei[i'ht with 12-v;eek., 16-\>/eek, 6-ii7onth, and 
1-year gains were, in most cases, between .30 and .40. 
Thus, birth vrei^-ht i;ithln br'ied, Gex, rfition, and ceaf-'on 
would account for lenc than 16 per c^nt of the total vari­
ability in body weight ^'aiii. 
Correlations of birth vjeight and values vjith age 
at calvin;.^ vjere nmall but negative and could be explained 
as probably being due to the practice of breediniO; according 
to size. Correl/ntionR of gain values with production -^vere 
positive but too small to indicate that fir:?t lactation 
production could be greatly improved by grov;ing heifers 
rapidly. 
Relative rates of ^^ain were used to help explain 
ration, breed, and 8e:< effects and it -ivaa found that rela­
tive rates and daily rates of ^^ain v;ere sometimes different. 
B'rom this study, it could be concluded that: 
(1) Males and femalen differ in rate of gain. 
(2) The breeds differ in rate of gain. 
(3) Season of birth does not seriously affect body 
weight gain. 
(4) Ration during the first 9 v;eekG of life affects 
gain for that period. 
(6) Ration differences tend to perelat as late rb 
1 year of asQ* 
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(6) Birth weight differences affect t^ain but the 
coefficient of oorrelation is small (r < .40). 
(7) Correlation of birth v/eight with g'ain from birth 
to a tjiven age increases ao the age to which (i;ain 
is computed become.^ greater to 12 weeks of age. 
(8) Gorrelations of birth weight and {^ain vjith pro­
duction and age at calving exist but are so small 
that the latter factors are not importont in deter-
rainint; hov; to feed and manage calves the first 0 
to 12 weeks. 
(9) Reference t^rowth curves should be carefully 
selected and should be used with some discretion 
in intorpretinti experimental results. 
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